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Introduction/Background 
● NASA is developing high energy and high capacity  
   lithium (Li)-ion cell designs and batteries for future   
   exploration missions (target specific energy density    
   265 Wh/kg at 10oC) under NASA Space Power System   
   program 
 
● Part of effort for NASA advanced Li-ion cells 
   ○ Anode: Development of silicon (Si) as advanced   
      anode (NASA SBIR – Physical Science Inc. (PSI)) 
 
   ○ Electrolyte: advanced electrolyte with fire-retardant      
      for enhanced performance and safety (NASA JPL)      
     
Silicon: an Attractive Li-Ion Anode Material 
● Features:  
    ◦ High theoretical capacity: 4200 mAh/g 
   (~10 times of graphite anode) 
   ◦ Abundant element on Earth 
 
● Challenges: 
    ◦ Poor electrical conductivity 
    ◦ Low diffusion coefficient of Li+ in Si 
   ◦ High volume changes (up to ~400%) in Si          
             particles upon Li lithiation and de-lithiation 
 
● Ways to Overcome: 
 ◦ Improve electrode material: nanostructured-Si, Si/C.. 
 ◦ Improve electrode/electrolyte interface: stable SEI..  
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PSI: Silicon Whiskers/Nanocarbon Fiber 
Characteristics 
•  100 nm diameter carbon 
   fibers with silicon whiskers 
•  Rated capacity: >1000 mAh/g 
•  Rate capability: 0.1C to 1C 
•  Electrode loading: 2-4 mAh/cm2  
  
Advantages 
•  Supporting matrix forms an electronically conductive framework  
•  High in free volume 
•  Free of polycrystalline domains 
•  Tailorable silicon loadings 
•  Scalable production process    
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